STAŇKOVÁ, B., VÍCHOVÁ, J., POKORNÝ, R.: Virulence of Colletotrichum acutatum isolates to several host plants. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 3, pp. 161-170 Colletotrichum acutatum belongs to polyphagous fungal pathogens and is widespread in many countries on all continents. C. acutatum causes the most serious economic damage in strawberry (Fragaria x ananassa Duch.). Considering the wide variability of the pathogen may be assumed spread to other areas which constitutes danger not only for strawberry, but also other economically important fruit crops, vegetables and fruits. The main objective of our study was to verify the cross infection of eleven C. acutatum isolates from diff erent host plants (strawberry, saffl ower, lupine, pepper and Hypericum perforatum) to selected host plants (strawberry, pepper and saffl ower). Two varieties from each of the experimental plant species were selected and virulence of isolates C. acutatum was evaluated. Based on results of statistical evaluation, virulence of C. acutatum isolates was diff erent on strawberry, pepper and saffl ower. The strawberry variety Pegasus was more susceptible to C. acutatum than the variety Elkas. Isolate 710 from H. perforatum showed the highest virulence for both varieties in terms of index of infection intensity. The pepper variety Pirouet was more susceptible than the variety Cynthia. The highest degree of virulence was found for isolate 29267 from pepper in the variety Cynthia, the highest virulence was proved for isolate 231 from strawberry in the variety Pirouet. No statistical diff erence was confi rmed between susceptibility of the saffl ower varieties. Isolate 1209 from saffl ower showed the most important eff ect on tested plants of saffl ower. Isolates 710 from H. perforatum, isolate 1209 from saffl ower, isolate 29267 from pepper and isolate 231 from strawberry showed diff erent virulence for tested host plants.
serious economic pathogen of saffl ower (Carthamus tinctorius L.) (Víchová et al., 2011) , currently.
Generally, the pathogen infects both young and adult plants and symptoms are apparent on leaves, stems and fl ower parts. Typical symptoms on fruits are round or square, sunken spots on which orange conidial masses are visible. Under severe disease pressure, lesions may coalesce (Lewis Ivey et al., 2004) . In plants, where the pathogen infects herbaceous parts, characteristic symptoms are irregular or circular spots on leaves which later dries. Irregular, sunken, brown spots are visible on stem and orange conidail masses also appear on them, eventually. Latent infections were also described (Šindelková et al., 2008) and can be main cause of dissemination of C. acutatum (Debode et al., 2009) .
C. acutatum belongs to the Ascomycetes. The pathogen reproduces by ellipsoidal or fusiform conidia (size 7-14 × 2.5-3.5 μm, with a thin cell wall) (Than et al., 2008) which are spread by wind and water (leaking, watering and rain). The infection can occur in a broad range of temperatures (18-33 °C), high relative humidity (95-100 %), exposure to moisture and irrigation, dew or rainfall for 13 hours or more. The incubation period is only a few days (Šindelková et al., 2008) .
C. acutatum represents a species which is morphologically and genetically variable, so for determination PCR is used to identify genetic diff erences and possible biologically closed groups between morphologically identical isolates (Guerber et al., 2003) . Intraspecifi c variability could have an eff ect on virulence of the pathogen (Sreenivasaprasad et al., 2005; Guerber et al., 2003) .
In the Czech Republic only one fungicide is registered against C. acutatum -Ortiva in strawberry. Preventive control measures (healthy seeds and seedlings, locality selection, nutrition and air circulation) are very important. One possible way of eff ective protection against C. acutatum is breeding for resistance. The knowledge of the pathogen virulence is very important for successful fulfi lment of this process.
The main objective of our study was to verify the cross infection of C. acutatum isolates from diff erent host plants (strawberry, saffl ower, lupine, pepper, H. perforatum) to selected host plants (strawberry, pepper and saffl ower) and virulence evaluation of particular pathogen isolates.
MATERIALS AND METHODS

Fungal cultures and growth conditions
Isolates of C. acutatum from diff erent host plants were obtained from the microorganisms collection of CBS Fungal Biodiversity Centre and Proefcentrum fruitteelt vzw (PCFruit), isolates from saffl ower and H. perforatum are owned by Department of Crop Science, Breeding and Plant Medicine (Tab. I). Monosporic isolates were prepared from all isolates of the pathogen which were used for virulence tests for strawberry, pepper and saffl ower. Species identity of isolates was verifi ed by PCR according to methods Garrido et al. (2009) and Garrido et al. (2008) .
Isolates were cultured under conditions suitable for sporulation -temperature 25 ± 2 °C. Obtained samples of cultures were put into distilled water and fi ltered through a thin cloth to remove pieces of mycelium. The number of spores in suspension was established by Bürker chamber and all samples were adjusted to uniform concentration -8.1 × 10 4 conidia/ml.
Fruit and plant inoculation and evaluation procedures
Methodology for evaluation of isolates virulence of the pathogen on strawberry and pepper was based on the methods of inoculation and assessment of infection described by Lewis Ivey et al. (2004) and Freeman et al. (2001) . Methods for evaluation of isolates virulence on saffl ower were designed by Víchová (2009) .
Fruits of the strawberry varieties Pegasus and Elkas from Jahodárna Bratčice and fruits of the pepper varieties Pirouet and Cynthia from growers Ing. Pilař and Mr. Míča were purchased for testing. Fruits were washed thoroughly to remove postharvest dirt, surface was disinfected with 3% sodium hypochlorite for 2 min and rinsed in sterile distilled water. Fruits were injured by sterile needle and 10 μl of spores suspension was inoculated by pipetting into the wound. Fruits was laid down on plastic trays, where before textile fabric and fi lter paper was put down and infused by sterile distilled water -for the subsequent maintenance of the increased humidity in the vicinity of the sample. Plastic trays with fruits were transferred to cultivation room and carefully wrapped in plastic wrap for 48 hours. Incubation temperature was adjusted to 25 ± 2 °C. Fruits were visually evaluated a er 4 days from inoculation of strawberry and a er 11 days from inoculation of pepper and the reaction of particular isolates was compared with mock inoculated control (inoculation by sterilised water -without the patogen spores). The reaction of strawberry fruits was evaluated according to scale of infection: degree 1 -healthy fruit, degree 2 -to 20 % of fruit area attacked, degree 3 -to 50 % of fruit area attacked, degree 4 -to 75 % of fruit area attacked and degree 5 -to 100 % fruit area attacked (Fig. 1) . Index of infection intensity and frequency of infection were calculated from degree of infection of particular Virulence of isolates was also tested on the saffl ower varieties Sabina and India. Both of these varieties were obtained from Research Institute for Fodder Crops, Ltd. Troubsko. Inoculum (20 ml) was applied by hand spray on the three-week-old saffl ower plants with two or three pairs of leaves.
Plants were packed for 48 hours in plastic wrap to maintain the necessary humidity and exposure to moisture leaves for growth of the pathogen and placed in cultivation room with controlled temperature of 25 ± 2 °C. The infection of plants were evaluated 4-5 days a er inoculation, attention was always focused on the last (the youngest) three leaves. Evaluation was carried out according to created scale: degree 1 -healthy leaf, degrese 2 -single spots on leaf, degree 3 -half of leaf attacked (dry) and degree 4 -whole leaf infected (dry) (Fig. 2) .
All experiments were established in three replications, in one replication 10 fruits of strawberry or 8 fruits of peppers or 10 plants of saffl ower were included. The results were statistically processed by so ware Unistat, multi-factor ANOVA (factors: variety, isolate, leaf -in saffl ower) and evaluated by Tukey-HSD test. Then one-factor (factor isolate) analysis was also done for each variety of particular crops. Statistically signifi cantly diff erent groups were evaluated at  = 0.05.
RESULTS
Strawberry
Statistically signifi cant diff erences were found between susceptibility of the strawberry varieties Pegasus and Elkas -the variety Pegasus was more susceptible to the pathogen than the variety Elkas. Between isolates -in testing across varietiesno statistical diff erences were proved in index of infection intensity, statistical diff erences were confi rmed between isolates 29 267 and 1 209 in frequency of infection, isolate 29 267 showed the lowest (86.6 %) and isolate 1 209 the highest (100 %) frequency of infection (Tab. II). showed the highest degree of virulence and isolate 29 267 proved the lowest degree, but the statistically signifi cant diff erences were not proved. Frequency of infection of strawberry fruits almost always reached 100 % which led to the conclusion that the strawberry fruits were highly susceptible to several isolates of the pathogen.
Pepper
Statistically signifi cant diff erences were found between the pepper varieties Cynthia and Pirouet reaction of C. acutatum infection. The area of damaged tissue in the variety Pirouet was proved more larger than in the variety Cynthia.
Between isolates -in testing across varietiesstatistical diff erences were proved between isolate 710, isolate 1 209 (the smallest average of damaged tissue) and isolate 78 686, isolate 231 (the largest average of damaged tissue) (Tab. IV).
Only isolates 710 and 1 209 did not diff er statistically in the variety Cynthia in the evaluation of isolates in particular varieties. These isolates showed the lowest degree of virulence. Statistical diff erences were detected between all isolates in the variety Pirouet. 
Saffl ower
The saffl ower testing was divided into two independent groups. Distribution of isolates into groups was random and depended on space capacity of cultivation room. Isolate 1 209, which is used as a standard for tests of virulence in our department currently, was tested in both groups. 
DISCUSSION
C. acutatum belongs to polyphagous fungal pathogens which is one of the major disease of important crops worldwide. Three species of host plants were chosen for testing. Strawberry -the disease is responsible for up to 80 % plant death and yield losses of over 50 % in strawberry production (Debode et al., 2009) . Pepper -yield losses amount to 100 % (Lewis Ivey et al., 2004) and saffl ower -C. acutatum is the most serious economic pathogen of saffl ower, currently (Víchová et al., 2011) .
The major objective was to verify the cross infection of C. acutatum isolates from diff erent host plants (strawberry, saffl ower, lupine, pepper, apple showed diff erent virulence for tested host plant species -while for both strawberry varieties isolate 710 proved the highest index of infection intensity, for both pepper varieties and the saffl ower varieties showed the lowest virulence. Diff erences in virulence were also found in isolate 1 209 from saffl ower -while one of the highest virulence was confi rmed for both saffl ower varieties, this isolate was the least virulent for both pepper varieties. On the contrary, isolate 29 267 from pepper was the most virulent for the pepper variety Cynthia, but this isolate belonged to the least virulent isolates in both saffl ower varieties and the strawberry variety Elkas. A similar situation was found in isolate 231 from strawberry -it was the most virulent for the pepper variety Pirouet, but the least virulent for both saffl ower varieties and the strawberry variety Pegasus.
The cross virulence of C. acutatum to diff erent host was proved. Knowledge concerning virulence of this pathogen may be used in breeding of new varieties of host plants and arrangement of agro-technical measures to prevent this pathogen.
